Abstract: Abundance and distribution of the endoparasitic helminths in Anabas testudineus (collected from a polluted water body) was analyzed. Out of 50 fish observed, 42 (84%) were parasitized by at least one species. Five metazoan endoparasites, one trematode (Neopecoelina saharanpuriensis) and four nematodes (Ascaridida sp., Contracaecum sp., Camallanus anabantis and C. pearsei) were recorded. Prevalence was higher in female (90%) hosts than males (75%). A significant positive correlation was observed between the standard length of the host and the abundance for parasites except Ascaridida sp.
INTRODUCTION
Aquatic pollution is still a problem in many freshwater and marine fauna. It causes negative effects on the health of the respective organisms (Fent 2007) . The effects may manifest immediately (aquatic toxicity) or after prolonged exposure to the pollutant (chronic toxicity). Organisms such as fish try to avoid the uptake of pollutants by releasing their mucus from skin. However, this will be effective only in some cases. Usually pollutants are taken up by the gills or the intestine and accumulate until they reach a steady state concentration and then part of the substances will be excreted by the organism (Sures 2008) . Part of the responses against pollutants and parasites are similar, whereas also parasite-specific host reactions occur. Parasite specific host reactions are defense mechanisms summarized as immune responses. But parasitic infection is also related to a general metabolic response as well as to physical damage of infected organs. Pollution and other man-made alterations of the aquatic *Author for correspondence: <aminul_islam89@yahoo.com> environment may affect a parasite community directly by acting on the intermediate or the definitive host population (Poulin 1992) . So parasites display individual, population and community level alterations in polluted environments (Marcogliese 2005) .
Investigation of pollution effect on parasitic communities is scarce in Bangladesh, only Ghani et al. (2014) compared the community structure of endoparasitic helminths of Anabas testudineus from unpolluted and polluted sites of a freshwater body near Dhaka. Ghani and Bhuiyan (2011) worked on the community structure of endoparasitic helminths of Channa punctatus from a freshwater river and a polluted lagoon of Bangladesh. Parasites can also be used as an indicator for getting information about environmental pollution (MacKenzie 1999). The present work was undertaken to investigate the parasitic community of the host fish koi (Anabas testudineus) collected from a polluted Beel of Bangladesh.
METRIAL AND METHODS
The present study was conducted to investigate the parasites of host fish Anabas testudineus collected from Taiwabpur Beel, Board Bazaar, Ashulia industrial area, a branch of Turag River (23˚52΄N -90˚24΄E) during AprilOctober, 2012. The water quality parameters of the sampling site were pH ranged of water was 6.14-8.79, hardness was high (300-1816 mg/l), turbidity level was 12.31-97.2 NTU, DO was quite low (0.76-7.1 mg/l), BOD was 0.7-4.65 mg/l and CO 2 was 0-15.5 mg/l. The average width and depth of the river were 400m and 10m respectively. Fifty koi fish (A. testudineus) were collected from local fishermen from its habitat as live and were immediately brought to the Parasitology Laboratory of the Department of Zoology, University of Dhaka for investigation. Sample size of each month was not equal since we could not collect same number of fish each month. However, monthwise sample size was: April-9, May-12, June-12, July-10, August-4 and September-3 fishes.
Investigation on helminth parasites:
The examination was aimed to determine endoparasitic helminth infection of A. testudineus. Length, weight, sex and organwise infections of fish by each parasite species were recorded. Length and sex of hosts were noted before autopsy. All parasites from each organ were sorted, cleaned and counted and then preserved in 70% alcohol. Standard methods were used for staining and mounting. Under the dissecting microscope two species of Camallanus (C. anabantis, C. pearsei) looked similar. The morphological characteristics became apparent only when the parasites were studied under high magnification using a compound microscope. That is why these two species have been referred to as Camallanus spp. for calculation. One nematode, Ascaridida could not be identified to species level, therefore referred as Ascaridida sp.
Calculation and data analysis: To describe the structure of the infra-and component-communities, parasites' abundance, prevalence and intensity were calculated according to Bush et al. (1997) . The methods used here was to describe general features of parasite infra-communities (prevalence, abundance, and intensity) and component community. Component community structure was described in two ways: traditional descriptors (e.g. mean abundance and mean intensity) and community similarity. Measurement of dominance, species richness and evenness were followed by standard definitions given by Begon et al. (1996) .
Status of distribution:
The classification was done according to the importance value of a parasite species for the community as-Central species = present in more than 66.6%; Secondary species = present 33.3%-66.6% and Satellite species = lower than 33.3% of the total number of fish analyzed (Bush and Holmes 1986) .
Dispersion indices:
Two criteria namely Green's dispersion index (GI) (Green 1966 ) and index of dispersion (DI) were used to evaluate the dispersion pattern of parasite species.
Evenness and equitability:
The density of community depends on the number of species and the evenness. So an attempt was made to quantify the evenness component of the parasite diversity in the community. Three indices as Heip (1974) evenness index (E h ), Hill (1973) evenness index (EH) and Modified Hill's ratio (E'H) were used to determine species evenness. (Alatalo 1981) as it has a clearly desirable property for an evenness index.
Modified Hill's ratio (E'H) is preferred over EH
Correlation: Pearson linear correlation coefficient (r) and Spearman's rank correlation coefficient (rs) were computed to determine possible correlations between the host's standard length with the prevalence and abundance of each parasite species respectively (Zar 1996) .
Existence of association: Jaccard's index (Jaccard 1908 ) was used to compare the presence/absence of two parasite species occurring in the same host at a time.
For determining the probable variation of infection in relation to host sex with abundance of parasite species Mann-Whitney 'U' test was conducted (Mann and Whitney 1947) .
The analysis included only component parasite species i.e. whose prevalence was greater than 10% (Bush et al. 1990) . Community structure of parasites has been determined as a function of host size and sexes. Statistical tests were conducted by using SPSS 16.0 software package. Statistical significance level adopted was p ≤ 0.05.
RESULTS AND DISCUSSION
Component community structure : Altogether five helminth endoparasites were recorded during the present study. Out of the recorded parasites, one was digenea identified as Neopecoelina saharanpuriensis and four were nematodes as Ascaridida sp., Contracaecum sp., Camallanus anabantis and C. pearsei. Some 84% fishes were parasitized by one or more species of helminth endoparasites. From observation, it was found that infestation with trematode (48%) was lower in contrast with nematode (72%) endohelminths. Lower prevalence of trematode might be attributed to the cause that trematodes have a very complex life cycle and transmitted by means of interactions between prey-predator and presence or absence of snail community as an intermediate host for completing life cycle of these parasites (Marcogliese and Cone 1996) .
In the host body, the most preferred habitat for these parasites was intestine. However, two nematodes (Ascaridida sp., Contracaecum sp) were also found in both intestine and stomach. Out of four parasites, the digenea (N. saharanpuriensis) and one nematode (Camallanus spp.) species were at their adult stage. Other two nematodes (Ascaridida sp., Contracaecum sp.) were at their larval stages (Table 1) . Contracaecum sp. was relatively the most dominant species (36.78% of all parasites) followed by Ascaridida sp. (25.29%). The occurrence of more parasites in the intestine than the stomach either might be due to the presence of digested food present there or due to greater surface area presented by the intestine (Adebanjo 1979) . Smith (1981) reported that most parasites inhabit the intestine because of their general feeding habits.
With the importance value based on prevalence only, Contracaecum sp. was considered the dominant species (50%). According to status of distribution, Camallanus spp. accounted as satellite species and other three species as secondary species. In the sample, parasite species with higher mean intensity and abundance of Contracaecum sp. was 2.56±0.92 and 1.28±1.44, respectively (Table 2) . The high prevalence of Contracaecum sp. may be due to the fact that the intermediate host (usually copepode) being the main diet of A. testudineus. Esch et al. (1990) reported that the parasite community with its prevalence and intensity might be influenced by the age and length of the host, changes in the diet, in the volume of food ingested, ontogenetic changes in the immunocompetence and changes in probability of contact with intermediate hosts.
Infra-community structure : Parasites of A. testudineus had shown typical over dispersed type of distribution pattern (Table 3) . Camallanus spp. showed the highest dispersion index value (DI= 2.031) suggested their highest clumping distribution (d= 4.259) in the fish and the d-value for Ascaridida sp. and Contracaecum sp. (d>1.96) also suggested aggregated pattern of distribution in the host body. N. saharanpuriensis (d<1.96) showed random pattern of distribution. Aggregated distribution of the parasite populations is considered as one of the most common features of metazoan parasite infections (Poulin 1993) . In the present study, two aggregation measures were used: the variance-to-mean ratio (DI) and Green's dispersion index (GI). Values obtained from these two indices revealed a low aggregation level of distribution of the constituent parasite species. According to Anderson and Gordon (1982) , this pattern of aggregate dispersion may have originated-(a) from the heterogeneity of the host's behavior; (b) by patterns of spatial aggregation in the distribution of infective stages; and (c) by the differences of susceptibility and capacity of the hosts' immunological reaction.
Simpson's index (λ = 0.265), Simpson's unbiased estimator ( = 0.261) and Shannon's index (H'= 1.357) indicated that this sample fishes were not infested by more parasites and the parasite community was poorly diverged. Evenness of parasite distribution was also counted with Heip evenness index (E h = 0.962) and Hill's evenness index (E H = 0.971) showed moderately higher value meant that community structure was well constructed by evenly distribution of all parasite species and well diverged (Table 4) . According to Sasal et al. (1999) , the diet of the host species is the main factor affecting parasite community structure, especially for digenean trematodes that are transmitted to their final host through a predator-prey relationship. These authors proposed that hosts with a more diversified diet should encounter more intermediate host species and, consequently harbor more parasite species. Guégan et al. (1992) postulated that-(a) the diversity of endohelminths varies between sites or between species of hosts and; (b) the diversity of helminths is related to the size of the host, longevity and diet. They also claimed that size and diet together explain approximately 40% of the variance in the diversity of endohelminths of hosts. Therefore, it may be suggested that the feeding habit of A. testudineus was one of the most relevant factors for explaining the difference of endoparasitic diversity and richness of the fish community.
Infection in relation to host's standard length:
According to Pearson's linear correlation coefficient and Spearman's rank correlation coefficients, all parasites showed positive correlation between host standard length and the prevalence of parasite but not significant. All parasites also showed significant positive correlation between host standard length and the abundance for all parasite species (p<0.01) except Ascaridida sp. (Table 5 ). In the present study, host size was not always positively correlated with the prevalence and abundance of the parasite species, while at the infra-community level the total number of parasite individuals, in addition to their diversity and richness, generally presented positive relationships with host size. The presence of relationship between abundance and prevalence with the host's standard length might due to the presence of relationship between endoparasitic diversity and the body length of the host samples under analysis indicated that fish's growth rate did not vary according to their habitat. This fact indicates homogeneity in their increasing of body length during their life cycle and thus permits the uniform recruitment of the species of endoparasites throughout their life. As pointed out by Poulin (2000) , these patterns cannot be generalized because in many host-parasite species systems the correlations are positive but weak and insignificant. Also ontogenetical changes in feeding behavior might influence parasite prevalence and abundance in the different host size classes (Saad-Fares and Combes 1992) .
Infection in relation to host's sex:
In the specimen (50 fishes), 30 were female and 20 were male of which 27 (90%) female and 15 (75%) male fishes were infected. According to the Mann-Whitney 'Z(U)' test it was found that intensity of infection and parasite abundance was not significantly (p>0.05) affected to the host's sex (Table 6 ). The insignificant values with regard to host sex from Mann-Whitney test evidenced that the ecological relationships (occupation of habitat and diet) are similar among males and females. Same results have been obtained for other species of freshwater fishes (Janovy and Hardin 1988) . Moreover, Poulin (1996) stated that high testosterone levels can cause immune-suppression in males and could lead in some cases to males suffering more from parasites than do females, although many parasite surveys have reported no significant differences in infection abundance and prevalence between female and male hosts.
In order to determine how often two or more species were found in same fish individual, Jaccard index (JI) was used to observe the interspecific association between each pair of parasite species. From the value of JI, it could be considered that interspecific association between two species of parasite was not so strong in this sample ( Table 7) . The positive association between species pairs, as observed indicates that the species coexist in the same host without competition with respect to ecological requirements, probably because they do not occupy the same niche along the digestive tract. Only one species pair of endoparasites presented a high associative degree (Contracaecum sp.-Camallanus spp.; JI=0.522) suggested their close association for sharing the same reservoirs/intermediate hosts. The lack of association among other endoparasites suggested that its intermediate hosts were not simultaneously ingested by the fish and thus they constitute different items in its diet. We were concerned with how often two species were found in same location. This affinity (or lack of it) for coexistence of two species is referred to as interspecific association. In general, an association between two species exists because: (a) both species select or avoid the same habitat or habitat factors; (b) they have the same general abiotic and biotic environmental requirements; or (c) one or both of the species has an affinity for the other, either attraction or repulsion. However, these data from quantitative associations between parasite species could be used with caution to explain the parasite community structure.
